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RHIC

e RHIC = Relativistic Heavy lon Collider
® |ocated at Brookhaven National Laborator
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RHIC and its experiments
e what’s so special about RHIC?

e it’s a collider
— no thick targets
— detector systematics do not depend on E),

e p+p: s <500 GeV (polarized beams)
o A+A: \/SNN < 200 GeV (per NN pair)
oy " eexperiments
s T ' with specific
“ focus

e BRAHMS
(until Run-6)

e PHOBOS
(until Run-5)

e multi purpose

experiments
e PHENIX
e STAR
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Low mass e*e”. prospects @ RHIC
e®2 scenarios @ SPS profit from high baryon density

— dropping p mass
— broadening of p

ewhat to expect at RHIC?

SPS RHIC
(Pb-Pb) (Au-Au)

dN(p)/dy 6.2 20.1
produced baryons (p, p, n, n)

P—-p 33.5 8.6
participants nucleons (p —p )A/Z

110 | 102

__ebaryon density: almost the same at SPS & RHIC
% (although the NET baryon density is not!)
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e*e: theoretical guidance at RHIC
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N.; -~ T=180MeV.p_=0.68p, = 10 — Open Charm §
5 6 1 A ;
! = — Thermal ]
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0.7

09 1 .t pecomes significant
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The founding fathers’ view
ebefore 1991

e proposals for various experiments at RHIC i

— STAR, TALES, SPARC, OASIS, DIMUON ...
— except for STAR everything else is burned down

e from the ashes rises PHENIX
— Pioneering High Energy Nuclear Interaction eXperiment

01991: PHENIX “conceptual design report”
e philosophy

— measure simultaneously as many observables relevant for
QCD phase transitions as you can imagine

— all but one: low-mass dielectrons

e Why no dielectrons?

— included in first TALES proposal
— considered to be “too difficult” for PHENIX

=ma lot of work can make impossible things happen

Week
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PHENIX In practice

\,',‘._~

Nuchar malter @ axtromis

HGS-HIRe
Lecture
Week
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PHENIX in principle

e 3 detectors for global
event characterization

e central spectrometers

e measurementin
range:
In| <0.35
P=0.2GeV/c

eforward spectrometers

e MUON Measurement
In range:
1.2<|n|<24
p=>2GeV/c

RI AGING
HERENKOV
DETECTOR

two central electron/photon/hadron spectrometers ‘

two forward muon spectrometers

Week
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Au-Au collision as seen in PHENI

HGS-HIRe
Lecture
Week

Alberica Toia



PHENIX: tracking & particle ID

PC3  Central
pcy _vagnet

TOF

West Beam View East
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Momentum determination

e Simplerelation between bending and

momentum
o = K/p+ K~200 rad GeV/c

® Momentum resolution is determined by the
resolution of a, which is determined by :

e single hit resolution(SHR) and yi . :

e alignment A

e SHRis measured X1\ St i
to be 150mm,
about 0.3 mrad,
which corresponds to 0

0.3/200=0.1% resolution. poar angl

e Affected by
e global and wire alignments

DC West Arm
! 11

x v

reference circle
R =220 cm




Electron Identification |

Charged particle tracking (dm: 1%)
DC, PC1, PC2, PC3 and TEC

PHENIX optimized for Electron ID
*Cherenkov light RICH +
* shower EMCAL

* emission and measurement of
Cherenkov light in the Ring Imaging
Cherenkov detector

— measure of min. velocity

* how can pions ever be mis-identified

Most hadrons Cerenkov
do not emit . photons from  pelow 4.9 GeV/c?
Cerenkov light ( mirror% etore are
N L Radiation of cherenkov light (= 4.9
N\ S ——— array of PMTs

GeV/c)

Production of delta electrons

- Ny Random coincidence (high
PMT array multiplicity)

PMT array ﬂ

Electrons *spherical mirror
emit

Cﬁrenkov —>parallel tracks produce rings at
t .
P2 SAME location

]
Tetire ﬁ ﬁp — g - mHg

Week
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Electron Identification Il

production and of el.magn. shower

in the Electro- Magnetic
Calorimeter
— measure of energy E

® PbSc: sampling cal., layers of

® PbGIl: homogeneous lead-glass

10

lead and scintillator

volume, Cherenkov radiator

II\HIHl 1 HIHl... I\HIIIl T

1-10I\ I-8\ | \-6\ | \-4I | I-z\ | \0\ | \2I | I4\ | \6\ | \sl I10
: Energy-Momentum

electron: E= p
*hadron: E<p
«after RICH cuts, clear electron signal
scut on E/p cleans electron sample!
*background

*photon conversions

random associations (next slide)

*main background source: random combination
of hadron track/shower with uncorrelated RICH
ring

*“standard” subtraction technique: flip-and-
slide of RICH

swapped background agrees in shape with E/p
distribution of identified hadrons

*background increases with detector occupancy
(can reach ~30% in central Au+Au collisions)
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PHENIX measures dielectrons

e first attempt from 2002 Au-Au Run
e S/B ~ 1/500 (1) for minimum bias events
e NOt enough statistics

Real and Mixed e*e- Distribution }
B e
o PHENIX Prelim -

10 Real - Mixed
0.8_ TI

B m—— =3

sl A I B
. 325 2.5 3 325
Invariant Mass (GeV/c®) Invariant Mass (GeV/c®)

® Au-Au data taken in 2004

e ~ 100x statistics

e photon conversions reduced by factor 2-3
e expect background reduction by ~ 2

o
o
3]
=y
=y
3]
N
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Detailed measurement of the e+e- pair

continuum in p+p and Au+Au collisionsat —

Vsyn = 200 GeV and implications for direct

photon

Detailed measurement of the e~ pair continuom n p+p and Ao + Au collisions at
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comprehensive results of dilepton

measurements at RHIC.
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Background

e Type |: identified on a pair-by-pair basis:
e Overlapping hits in the detectors (mostly RICH)
e Photon conversions

® Type ll: cannot be identified on pair-by-pair
basis = removed statistically

e Combinatorial Bc°™mb all combinations where the
origin of the two electrons is totally uncorrelated

e Correlated Becor

— Cross pairs: Two pairs in the final state of a meson

— Jet pairs: Two hadrons within the same jet or in back-to-
back jets, decay into electron pairs
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counts (arb. units)

counts (arb. units)

Overlapping pairs

L

10°

Illlﬁll.

IIIIIIIIIIIIIIIIII
min. bias Au+Au \,"s_m:Eli}D GeYy

Linlike-sign
» all pairs
o no ghost
—qghost

min. bias Au+Au \[s,,, = 200 GeV

Like-sign

I L .
12

&

m,. (GeVic?)

e when apion points to the same ring as

an electron, it is associated to the
same ring, therefore considered an
electron

This happens for a typical values of
opening angle (different for like and
unlike) which folded with the average
momentum of the electron
corresponds to a particular invariant
mass (different for like and unlike)
- cut: requested minimum distance
between the rings (~1ring diameter)

e Cut applied as event cut

Real events: discarded and never
reused

Mixed events: regenerated to avoid
topology dependence

17 Alberica Toia @



Photon conversion rejection

e artifact of PHENIX tracking ® conversions “open” in a
e assume that all tracks originate plane perpendicular to
the magnetic field

from the vertex
e Off vertex tracks = wrong

Dalitz decay
momentum vector
. Conversion pair
- conversions are reconstructed P
with m#0 (m~r)
E 1{]5;‘
=
S ' min. bias Au+Au\[s, =200 GeV
E, . * all pairs
‘g 104 = —phaton conversions _
8 - o all pairs - photon conversions % i min. bias .&.u+.&.u'-.l|'s_w:2tl-[] GeV
L e 10t o Signal
B E - ~== Monte Carlo (v conversion)
10°E s t -~ Monte Carlo (=? Dalitz)
- 8 [ — Monte Cario (total)
L # ' L
10° 10
T T T T T T T T T T T T T T Y T L 11 L
0 05 06 0.7 | i | | | | |
m,, (GeVic?) 0 02 04 THETTTEETTTTTTTTTTITTE
nv{rad]l
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Low-mass e*e” pairs: the problem

® electrons/event in PHENIX
e N, = (dN/dn)n® * (BR+CONV) * acc * f(p>0.2GeV)
350 (0.012+0.02) 0.5*0.7 0.32=1.3

e combinatorial background pairs/event
e B=1*1N 2eN=0.1
® expected signal pairs/event (m>0.2GeV, p;>0.2 GeV)
o S=4.2%10*
->signal/background
e as small as 1/ few hundred
e depends on mass
® Wwhat can we do to reduce the combinatorial
___background? where does it come from?

ec
Week
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Conversion/Dalitz rejection?

e typically only one
“leg” of the pair is
In the acceptance
e acceptance holes
o “soft” tracks curl up

In the magnetic field

e only (!) solution

e catch electrons
before they are lost

e Need new detector
and modification of
magnetic field

PHENIX Detector

PC3 Central T
Magnet 4

PC2

Beam View
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Consequences of poor S/B¢omb

® how is the signal obtained?
e unlike-sign pairs: F
e combinatorial background: B (like-sign pairs or event mixing)
e >S=F-B

e statistical error of S

e depends on magnitude of B, not S
e AS =2B (for S<<B)

® “background free equivalent” signal S
e signal with same relative error in a situation with zero background
e 5,,=S*5/2B
e example: S = 10* pairs with S/B =1/250 > S, =20
® systematic uncertainty of S
e dominated by systematic uncertainty of B

e example: event mixing with 0.25% precision (fantastic!)
- ~60% systematic uncertainty of S (for S/B = 1/250)

HGS-HIRe
Lecture
Week
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Type |l background

e Combinatorial background: event mixing

e Like and Unlike-sign pairs taking electons from different events

e Normalize like-sign background to like-sign foreground in a region
in (m,pr)wherethey agree

e Normalize unlike-sign background to 2VN,,N_
e Correlated background: simulations
e Cross pairs: EXODUS
e Jet pairs: PYTHIA
e Normalize like-sign background to like-sign foreground
e Normalize unlike-sign background in the same way

ADVANTAGE

eGreat statistics (much larger than foreground)
DISADVANTAGE

eAssume simulation shape

22 Alberica Toia @



Type Il background

e If dNj,. = dN_pjie = S.. = N, - 2VN,,N_
e In PHENIX dN;o # dN, ke

e But unlike-sign background B, = 2VN,,N_can be corrected by
acceptance difference

Beumb
S, =N, —2/N..N__. S

) comb | peomb
u\/BJr+ Beon

ADVANTAGE

eThis method measures ALL type Il background simultaneously
eONly assumptions needed:
— dN,,. measures only background

— Background symmetric in like and unlike
DISADVANTAGE

ePoor statistics (similar to foreground)

HGS-HIRe
Lecture
Week
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Combinatorial Background shape

51 T | T T T T T T T T I T T T T I T T T T | T T T T I T T T T I T T T IE
% - min. bias Au+Au\[5,, = 200 GeV E
Hi 10 s all like-sign pairs (M ) =
E 3:' =+ =
% — combinatonal background |:E5=l:| 7]
10° —
107 —
10 =
--- Foreground: same evt N++ . a

1 --- Background: mixed evt B++ ﬁ
| | L L oy IlIE
II I I I I I I I I I I I I I I I I 1 I I I LU LU 1 1 I:
m —]
s T L. ‘I’ 0 | I E
\ o Q—ﬂ-“u S 18] o o] l,;j- T T I | =
=" oos I, =
I1-IEI 1 1 IEI 1 1 1 IEIEI 1 1 Ial Ia-ﬁl T _-E
m,, (GeVic')

|: I I 1 | 1 1 1 | I I 1 | 1 1 1 | I I I | 1 1 1 | I 1 1 |
é'il_ 0.01 c) .

1 o L] ]
D.:' 0E—----- o] g = s I s {
=" 001

|1-4|

I:IIHIIIIIII IIIIIII

o
g |
N

N
M

« Shape determined with event mixing

« Excellent agreements for like-
sign pairs

* Normalization of mixed pairs

 Small correlated background at
low masses

« normalize B,, and B__to N,, and
N-_for m,, > 0.7 GeV/c?

 Normalize mixed B, _ pairs to
N,.=2VN,,N_

« Subtract correlated background

e Systematic uncertainties
» statistics of N,, and N_: 0.12%

« different pair cuts in like and
unlike sign: 0.2 %

Alberica Toia @




Differential Combinatorial Background

Centrality Dependence

—
QU

counts (arb. units)

107

Au+Au\[s =200 GeV

e all like-sign pairs: 0-10%
o all like-sign pairs: 10-20%
a all like-sign pairs: 20-40%

o
&
=
¥
w

s}
=
=]
@
B,
i
s
T
@
s

+ all like-sign pairs: 60-92%
— combinatorial background

£

|||M1

Transverse Momentum De

min. bias Au+Au\[s,, = 200 GeV
o all like-sign pairs: p.< 1 GeVic
o all like-sign pairs: 1= p_< 2 GeV/
» all like-sign pairs: P, >
— combinatorial background

counts (arb. units)
=

2

--- Foreground: same evt N++
--- Background: mixed evt B++

GeVic

C

—,

pendence

107 F
o bbb by bvaa b a Lo 1 3
0 0.5 1 1.5 2 2. 3 3.5 4 0 0 1 2 25 3 3.5 4
m,. (GeV/c?) m,, (GeV/c?)
Centrality po v?/NDF v? test p-value max dev.
0-10% 6.3+ 8.8 x 1071 30.2/19 1.05 0.25 0.0014
10-20% —04+14 %107t 18.6/19 0.97 0.61 0.0018
20-40% —24+18%x107 18.7/19 1.02 0.40 0.0034
40-60% —85+40%107 21.9/19 1.65 0.02 0.0071
GO-929 —1.8+£1.6 %1077 21.5/14 1.51 0.04 0.0321
HGS-HIRe o L - 3 rem— : :
LERE 00-92% 26+£6.3 =10 27.6/19 0.92 0.83 0.0010
Week pr < 1 GeV /e 02451 %1074 18.0/18 0.95 0.73 0.0011
1< pr < 2 GeV/e —34+16x1072 27.9/18 0.91 0.84 0.0029
pr > 2 GeV/e —9.6+54 %1077 15.2/18 0.97 0.63 0.0038 . &
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Combinatorial and Correlated Background

counts/N__ (c*/5 MeV)

counts/N,, (¢*/5MeV)

HGS-HIRe
Lecture
Week

BIP_

AUFTAU

C)

-----

miin. I:Iulas..ﬁ.u&.ﬂu.n,‘s —2IZIIZI IGE‘u'
o 3l like-sign |:ua|r5|N :|
—combinatorial hankgmund [BT“]
« comelated pairs (B77)
—Cross pairs

- --jet pairs (near]

e IIIII|,|,| IIII|]1[| Illllll.ll IIlllllI |II||.|.|:I

D)

______

I ——
min. :JI.EIE AJ..I-I-AJI.J 'n,"ﬁ_— Eﬂl] GE‘J
o all e’e palrE[N }
—combinatonial ba{tgmund (B
» comelated pairs (S +B)
— 0SS Pairs
---jet pairs (near)

IIII,I,Ii IIIIII_I,I IIII|_|,|,|,| IIII|,|,|,|,|-}'"1III,I_II I-II

o A p+p VS = 200 GeV j 3
o all like sign pairs(N_) £ e
o — combinatorial background (B=™) S ?
» comelated pairs (B7") - 10°
o — cross pairs (EXODUS) E 8
----jet pairs (PYTHIA = .
0 J@H__\ jet pairs ( ) = 10 =
o' rl'i'";luwh-'i 2 & _; .H]‘EF
JT' TN 3 B
SR 4 "
R S = -
{0z L_-::LHT::“:_ § - e E_
£l LI
10
E ot )
B) p+p Vs = 200 GeV 3 E 1
0w o all e'e” pairs {N ) . ) 0*
— combinatorial hackgmund {Et# ") 3 -
10® » correlated pairs (S, + B:™) E‘ 2 .
D% — cross pairs (EXODUS) 3 g w0 X
o 7 - jet pairs (PYTHIA) ] Tyt
10 L -}%G - E 107 + 1-Jr
1] "l,-’ -y .ﬂ—-'.-l-._. ‘e DE {-:' ™ -l . L E -
10 it ~-_.._____?_'$E 7 % v e g A * _? 10 "L__‘
10 _“L";E:“'m_ ’ toe 4t i 5 -
= T f T+ t 10°
— T E
muE...l....l....l....l....|:-:-T;.¥'I“"?'-'"l--r;11,—t S ST
0 05 1 1.5 2 25 3 a5 4 ] 0.5
Mee (GEVIE)
-Combinatorial Background from mixed events normalized to 2N, ,N_.
*Cross pairs simulated with decay generator EXODUS
«Jet pairs simulated with PYTHIA

'normalized to like sign data and use same normalization for unlike-sign
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Uncertainty of Background Subtraction

HGS-HIRe
Lecture
Week

pP+p

(- = T T T T T T T T T T T 1=
-
S5 -
ﬁe;e = pp dgl = 200 GEV - 3
biract maar -
= " Subtract ke sign SRR ]
£ e Sublract Ie-sign (HYBRID)
I & el actepiEncs from =
TR, lmme, é
- o= o el acEpEnce from FYTHIA FG ]
10° = .It". . an =
E ""{:"'Er'”'\}_-z\':-n & e E
B s il o ol T _
1['2 — fll } ‘;ililu! Rl !! = i‘? ] —
: CT gyt 4z
- e g
B I 1
10
E 1 1 1 | | 1 | | * 1 |
0 0.2 0.4 D& 08 1

My [GE"-"."G::I

BRRE | MEAM
=1 =] =1 =1 =
=] [=] [ = [=] i [=] ' [=]
= 2] sk i i
IIII||III|||IIIIII|||||||IIII|I||||IIII|IIII|IIII
[
]

:Il'.l ' ' oz ' ' ' 0.4 0.E ' ' ' o= ' '
Method 1 and Method 2 e [
*Variations of the two method
*‘RMS = Systematic Uncertainty

AUu+Au

& T T T T T 13
E“ﬂ? Aerehu 5 - 200 G =
] @ o =t subtracion -
..E ; # SUDEACE REar RO <SSR ) ]
3 0O sublract rear and ey 2t |
'E L #  subirack Ece—sign
a 1w K-, subtract Bke-sign (HYERID) -
a Eﬁ O subtract near inorme 70 <Ag<1 10} 3
— \{ ¥ sublrack near norm 7O <Ag<110) " ef .
= %ﬁ =
- ¢ g ¥ § ' .
' AEEN i
2 [ S 'J.' ¢E
[ L. L, | T ? 1]
i 02 04 0.a 0.3 1
m [ Gelie)
z F T T T T — T T 3
g s —
s [ ]
% omb =
n2f— =
s f_ _f
oaf- ‘ =
0" -:-!4 u!s n:l.la ' 1I
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Cross check Converter Method

- We know precise radiation length (X,) of each detector
material

- The photonic electron yield can be measured by increase of
additional material (photon converter was installed)

- The non-photonic electron yield does not increase

- Photonic single electron: x 2.3

- Inclusive single electron :x 1.6

- Combinatorial pairs :x 2.5

Ne Electron yield

converter \_/
_J

1.7% A
With converter

A

0.8% |0.4%

Photonic

7

Photon Converter (Brass: 1.7% X,)

W/O converter

Dalitz : 0.8% Xo equivalent
radiation length

Non-photonic
)

>
Material amounts: Xo
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The raw subtracted spectrum

Same analysis on data sample with additional conversion material

—>Combinatorial background increased by 2.5

Good agreement within statistical error Osigna/Signal :IGBG/BG BG/signal
0 —
:‘: 10"4| L N L L L L L L L B LN N B = 0.25% |arge|||
= L1 S e s
o T S0 T O O O O O O From the agreement
b 107} CZZ T R 30 T W converter/non-converter
%“" . L v R [ and the decreased S/B ratio
€ 10'5; ‘ 10 '-ofq;*T _g scale error = 0.15%20.51%
8 F 10707051 1527253 357459 (consistent with the 0.25%
Mee (GeV/c?) .
107 g E error we assigned)
10°E =
10 Emin. bias Au+Au\[s, = 200|GeV =
= o alle’e pairs (N, ) =
- — combinatorial background {Bi""‘b) + -
10710 = signal (S+_) )
EI II:| ISIIgPaII ;fr?rlTI CPrI"vIert?rlrllJrllsl | 1111 | 1 111 | L 111 | L 111 1 |
0 0

|
5 1 1.5 2 25 3 35 4
m,, (GeV/c?)
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Efficiency Correction

p+p

E _I T T T I T T T 1 I T T T 1T I T T T 1 T T T 1 I T LI I T T T T LI I_
=== = —
e .. p+p w5 = 200 GeV —
P A —
: : gt
S “Eg -
08— . E:a r -
- —Ef'ﬁbrx E'F'l'ger -
06— —-—E;Erl — ]
04—
o2 O —
_I L 11 I L1 11 I L1 11 I L1 11 I L1 11 I 1 L1 1 I L1 1 L I L1 1 I_
% 05 1 15 2 25 3 35 4
. - 2
Trigger Efficiency (p+p) m,, (GeVic)
E. 1
E E p+pNs=200GeV
0.9
E B I
0.8 —
0_},;_ vr-#
06E /
Fom o
0_4!—. 'ﬁ:
0.3
025
HGS-HIRe 01
Lecture E. b b e by b e L by ]
e % 05 1 15 2 25 3

35 4
m,, (Gevic?)

Au+Au
.i _I LI T TT I T 1T I LI I | I T T T I T TT I T TT I LILIL I_
1]
T=om s, o m—
i i min. bias Au+Au\[s,, =200 GeV
B thte ost m
i - |
0.8 et ]
L palr _
: e e :
06— - —]
04— —
: sty it i
D.EM —

L1 11 I L1 11 I 11 11 I 11 L I L1 1 L I L1 11 I L1 11 I L L1 1
G 1 i5 2 325 3 35

M, (GeVic?)

i

Efficiency Correction:
*Derived from single electron efficiency
sInclude detector dead areas
*Include pair cuts
«Same shape for p+p and Au+Au

*p+p further corrected for trigger efficiency
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Acceptance Correction

......................... NI L L B B B B | AL R T L L B 1 L B B B B B L

Gabt 02 m,, =03 GaVT i 0.3 My = 0.4 Gelic”
T L

Acceptance Correction:

i «Derived from single electron
jacceptance

Compare

« Hadron decays (full cocktail)

* Flat distribution

i in different mass regions as
__ 2.8=m, < 3.3 Gevic® _ functlon Of pT

I geometric accaplance of &' pairs ]

W { *Difference within ~10%

4 ]

R {Gevic)

% 2af j u_-;:l'cm'.\l.-: j _I"_ n'x'—l_n.'ﬂiv.\.-: T ) 'ul_nﬂﬁl.‘;ln'm.-" T j l.'!x'—l_-l.'qiblw.\.-: E
_* Jete . gt ‘“‘tﬁ-‘_’.‘muﬂ- I p gttt eirter, |
el I I I 1
i . DA nmy, = 02 Gati T ) :h:-.nl_-:h:s.-'\;:\:: ) _I“_ ) :l-l.rrl_r:TSI'n:-f ) I_:* ) ur-.n;aun-:.w:-:" ) E

| é*‘, m"-l-'..j-l..._ 4+ “+H.'m‘-gm++,4w++ F ++-#**+’-II‘.'M“ 3

oz 4 D8sme<DEGenc 1 + DBsm. <100 k3 ++ 100 = m., = 1.05 Gevic” I T rBam.<l3oedc
7 E E I I t | T -
1 HT7 2% gty ] = 4 T -y

y t X E] ] S ¥ X E] + =T i F3 E] # B t X E] + B
Lec iG] P, (GEwiC] P, (G=\iC) P, (Gevic)
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Hadronic Cocktall Measurement

« Parameterization of PHENIX % ,n°

ﬂ; T | | |. I B N L L LB B datan© = (TC++TC—)/2
o 10,  min. bias Au + Au at s = 200 GeV ;
g 3 "I,':' + d (0) A
1?'1[] K x 50 oI rame e E 3. 2 n
:-:E'm; ' o m= fm ey d’p (eXp(_apT _pr)+pT/pO)
> 10 M=TY of—=e e
ﬂ:ﬁ E LS b= KK « Other mesons:fit with m; scaling of
e 0 P V(Pr2+M e0n2-M,2)
107 _ - PHENIX F"l'E”mil'Iﬂﬁl' fit the normalization constant
107 LR >All mesons m; scale!ll
107 « Hadronic cocktail was well tuned to
10 individually measured yield of
10 e mesons in PHENIX for both p+p and

Au+Au collisions.

» Mass distributions from hadron
decays are simulated by Monte Carlo.

-0, 1, e 0 p Iy, ¥
][" « Effects on real data are implemented

107

2 4 L 8 10
Gevic
L Pr :I Alberica Toia @




oo _Cocktall Comparison p+p

arXiv:0912.0244

W 1 nght hadron contributions subtracted
(] = _ . .
2 p+p \'s =200 GeV = —yee S e Heavy Quark Cross Sections:
E * DATA ====T] = YEE Y —ee . . . .
i , _ « Charm: integration after cocktail subtraction
Q10 ly] = 0.35 — 1 — yee --- T — ee (PYTHIA)
< 4 rr-020Cevie p—ee —bb — ee (PYTHIA) Ogo = 544 + 39541 £14297% £ 200m7 b
= m{ v eear’es —DY see@yTHIA) | * Simultaneous fit of charm and bottom:
% =] —¢—ee &nee —sum — O = 518 + 47sat £ 135 syst+ 19Qmodel Mb
= | — Opp = 3.9 + 2,450 +3/-25vst yby
S 10°8 « Charm cross section from single electron
% measurement [PRL97, 252002 (2006)]:
=107 ¢ O..= 567 +57 + 193 ub
. PLB 670,313(2009)
E 8 T T | T 17T ‘ T T 17T ‘ T 1T ‘ T 1T | T T T | T T T | T T T I:
S 107 _ > %Ft p+p at\s = 200 GeV « DATA- COCKTAIL 7
3 £ 10°E m<03s _ =
. ] :;.:: & % p-r >02GeV/e e CC — ee (PYTH|A} ;
107} ' O - — bb — ee (PYTHIA) .
R 2 10'651 ------ DY — ee (PYTHIA) =
— E - — sum 7
_ S0 N
g 15 F T 107E .
& . sallza - z i
T = £, E
S 05 3 =
{h 11 | I[]IEI 11 | .|1 11 1 I1|5I 11 I.2| 11 1 TEIEI 11 I‘-'I]"I 11 1 5‘ 11 I-dI. 1 cj(i ]
| ' ' M. (Gevict) B 10°E =
« 2.25pbtof triggered p+p data S 7
- Data absolutely normalized St T =
pd e ]
i 1 1 :: -11 _I T T A T R AT P oo, |
teewre o Excellent agreement with Cocktail 10 1 7 3 4 5 3 7 8

Week

 Filteredin PHENIX acceptance m,, (GeV/c?)
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Charm and bottom cross sections

CHARM BOTTOM

Dilepton measurement in agreement Dilepton measurement in agreement
with single electron, single muon, and with measurement from e-h correlation

with FONLL (upper end) and with FONLL (upper end)
PLB670,313(2009)

PRL103 082002

bl i CDEpsp
P : i (corrected)‘

PHENIX p+p at 2(]0Ge\1 + i

.............................. ........ i E spectrum E i "UA1 p'"ﬁ
Spectra I dlelectronl P P [i]
f ’ di

iiele¢tron

7L SPSIENAL s el procn ________

A5 FH 1 o 2 | T P e P 1 0 O §

- jot LETZIpeBi L i NLOpQCD.
S0 N S I R T qoremepeadt
[ P i i AR S S R % -.
102 10° - A2 L L REREE i

\E (GEV) 1 02 1 03

\'s (GeV)
First measurements of bottom

Lecture

cross section at RHIC energies!
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arXiv:0912.0244 C_OC ktai I CO m p a.r I S O n Au +Au

"
2 10 & min. bias Au+Au\/s, = 200 GeV

- = DATA 0 s vee Jo s 00
1[]-2 — |'!||'| =035  =eea- n— ree H!’—rEE
GeVic— W —ree T CT — ee (PYTHIA)
— Sum

P — e

bb — ee (PYTHIA)
DY — ee (PYTHIA)

dN/dm,, (c*/GeV) IN PHENIX ACCEPTANCE

W ",
IIII|'IIII".‘|IIIIIIIII'IIIIIIIIIr.'h

------- CT — ee (random correlation)|

i """“-ﬁ#
e
‘.‘“*
-h“
L |

Data/Cocktail
f
1B
il

1]
. 800M min. Blas Au+Au events

« Data absolutely normalized

HGS-HIRe

 Light hadrons cocktail
“wek  * Charm normalized N X o,

45

Mg, {GEWC )

* Low Mass Region:
large enhancement 150 <m <750 MeV

4.7+0.4stat ] 5syst £, gmodel

* Intermediate Mass Region:

dominated by charm (N, X o)
*PYTHIA

*Random cc correlation

» Single electron measurement
* High p; suppression
* Flow

—>Expected modifications in the pair
invariant mass
- random cc correlation?

—->Room for thermal
contribution?

.ﬂm@iu.&tuimz.acceptance
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-wonou Centrality Dependence LMR

E 10°%-0<p_<5 GeV/c  p+p & Au+Au at\s,, = 200 GeV

AutAu \[s,, =200 GeV

- —_ :I]_I LI I LI I LI B I | I LI I LI B I | I LI LI B I | I_
Au+A b 0° ‘
Ema :iﬂiﬁ:§1{;1ng?::1:i 2 [(a) vield (150<m_<750 MeVic?)/ (N_/2) ]
3 107e e, u AU-AU2040% 8 25 ¢ pep —
< ® Au+Au 40-60% x 107 i L .
% 103 Au+Au 60-92% x 107 = F " AuwrAu .
TR * ppx10 2 xnF [ ] cockraL —
T s ]
AutAu MB 15— ]
10 =
= 0-10% > 1
s ¥ -
- B ]
10-2004 __-:—:-: ]
D | I I ! 1 | I | I T | I 1 1 I | 11 | I ] | | | I | | ] I—!_
20-40% &~ b} R
(=] 4—{ B e SRR SRS, —
= 5 - I N
40-80% Q!t
22 2 Yield (0<m_<100 MeV/c?) /(N _ 72) —
B0-22% % | . . . . . . _
s b 50 100 150 200 250 300 350
-"]-12 t p+p Npart
= Cova v b b v b g L
0 05 1 15 2 25 3 35 4 45 « ©t¥ region: arxiv:0912.0244
m... (GeV/c?) consistent with cocktail
Centrality Enhancement (£stat £syst £model) e Low Mass Region:
00-10 % 7.6+£05=15%15 yield increases faster than proportional to N
10-20 % 324+04 01 £06
20-40 % L4+ 13 +0.02=03 - enhancement from binary annihilation
40-60 % 0.8 £ 0.3 +£0.03 = 0.2 (11'11' or qq) ?
60-92 % 1.5 £0.3 £0.001 £0.3
MB 47£04 £15x£09

36 Alberica Toia @




-wocon Centrality Dependence IMR

S 10t O<p <6 GeVic  p+p & AusAu atyS,,= 200 GeV
Eﬂ}a . iu+iug1|1nni|as1x;[} — 20
:' o AurAu x19 o FAu+Au \/s_ =200 GeV e pp
e W AR e = 180 Vo o Aurau
< | . Au+,&,u4{]_ﬁ{]%x1{]1 > - Yield (1. Z-r:m <2.8 GeV/c? J'N coll PYTHIA
x 103 Au+Au 60-92% x 107 S 16 S ramdom cE
i * p+p =10 ® -
T > 14F
Aurhu MB 121
10F
= 0-10% B:
E‘C
10-20% 4
g 2;::::::::::::::::::::::::::
D:|||||||||||||||||||||||||||||||||||
40-60% 0 50 100 150 200 250 300 350
Noar
10" - o0-227% arXiv:0912.0244
-12 =
10 ||||||||||||||||||||||||||||||||||t||||||| .
0 05 1 16 2 25 3 35 4 45 ]
Mee (GeV/c?) ® charm is a hard probe
e total yield follows binary
scaling (known from single e?*)
e Intermediate mass yield shows

Lecture

ek the same scaling
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Momentum Dependence

arXiv:0912.0244

p+p

w 10
s p+p /5 = 200 GeV
. + 0.0<p <05 GeVic x 10° « 2.04p <25 GeVic
& -{]S{DT{H]GEW{:}HD‘] = 2.5<p_<3.0 GeVic x 10!
107 * 1.0<p_ =1.5 GeVic = 10° -3ﬂ<p<4DGEW{:x1ﬂ’2
< = 1.5<p7<2.0 GeVic x 10 -4ﬂ<p<EDGeUI{:x1ﬂ'“3
X107
: A
z10°
o iy #0.005
=10 reef
> & \ e | 0.5-1.0
8 -5 B r‘i" .t.\ 4"‘ f ¥ i
1078 Ty $ *
gﬂl‘ﬁ .& .“.m 1.0-15
— ; e | E
=z .7 e |
107 e ﬂg? % Pl 1520
2 %
107 2
¢
10° o0 ' 2025
‘ ='e g/ |
107 __x*f ”i*ff T
T\f tIE {2530
1u‘11
10712 I/Tg f 3.0-4.0
,,"]-13 1 11 | | 11 | | L1 | 11 | | 11 | I | 4{] ED
p 02 0.4 1 2
m,. (GeWcz}

HGS-HIRe
Lecture
Week

10

dN/dm,, (c’/GeV) IN PHENIX ACCEPT
g3 s

=
=
k

1I]-11
(

AU+Au

min. bias Au+Auys,, = 200 GeV

« 0.0<p_<0.5 GeVic 1{15 2.0<p _<2.5 GeVic
.ﬂ5<p <1.0 GeVic x 10° -25=:p{3ﬂGech1{J1
-1{J<p T<1.5 GeVlc x 10 .-3{]*:;:'-{41}!E-»E‘-r'."»::x1{]2
a 1.5<p]<2.0 GeVic x 10 .4ﬂ=:p{5ﬂGEW::x1{l3

- ]
8 BALVY
N “‘. : — \_\_T “f\ L _|ooos
e R B & |
S _T__ . AN A
. 4 iﬂ el
e | T NM%M;@ Ao

| 1.5-2.0

. % l A /A 2.0-25

-l _ . -__‘\ / ..II
g T _;':.__-T-.::'.\i\:. 2530
L J\T\/N T 3040

o \
:||||||||||||||||||||l"u||ldf":ll-f"'{J

02 04 0.6 08 1 12
m,, (GeV/c?)

* p+p Iin agreement with cocktalil

Au+Au low mass enhancement concentrated at low p-
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LMR [: Virtual Photons

® Any source of real y can emit y* with very low mass.

e |If the Q2 (=m?) of virtual photon is sufficiently small, the source strength
should be the same

® Theratio of real photon and quasi-real photon can be calculated by QED

- Real photon yield can be measured from virtual photon yield, which
IS observed as low mass e*e pairs

*
7/direct _ 7direct

Kroll-Wada formula
7inclusive yinclusive e*

d*N 2cx 4m? 2mZz ) 1 q .
——— 11— | 1+ > S
dl\/leedNy 37r oo ML JM_ v*
S : Process dependent factor g q

e Case of Hadrons

M2 Y
R 2

10°e © Dalitz S = ‘F(M ezej 1_2—ee

102 —— qDalitz _ M hadron
direct v internal conversion ° ObV'OUSly S = O a.t Mee > Mhadron

10
« Case of y*

* If pT2>>Mee2
S=1

* Possible to separate hadron decay components
from real signal in the proper mass window.

10"

-2
Hes-10
Lect

1 |0.1| L Ia.zl L |g‘3| L |g‘4| L |05| 1 |96

M,, (GeV) — (e
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Determination of y” fraction, r

Y
=]
Y

==
o
X

=
o
s

dN!de:i {cszeV} in PHENIX acceptance
=
=

=
o
in

r =direct y'/inclusivey

determined by fitting the following function for each p+ bin.

1:data(lvlee): (1_ r)° fcocktail(l\/I )+ r- 1:dlrect( ee)

Au+Au (Min. Bias) 1.0*=pr:1.5 GeV/c

cocktail components fair(m_)
ol f':{mee]

= 1 — (1-1)f (m_)+rf_(m )
R | r=0.189+0.0213
T N %%/INDF = 12.2/6
_I'. _1-
=
=
SRR N
:I-"I L1 | L1l | |\|11'|"|--| I | I [ | | ] |‘-|-||IT.|M|"|'r'|'4.-|..| ] | Lol || Jol ]
0 005 01 015 02 025 03 035 04 045

m,..- (GeVic)

0.5

* fqirect 1S given by Kroll-
Wada formulawith S = 1.

* 1:cocktail i_S given by
cocktail components

 Normalized to the data
for m<30 MeV/c?

|+ Fitin 120-300MeV/c?

(insensitiveto n° yield)

| — Assuming direct y* mass

shape: x?/NDF=12.2/6

arXiv:0804.4168
arXiv:0912.0244
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Direct measurement of S(m,, p1)

R(m,pr) ~

= S(m,pr)

di?\r,fiTECt(p

dN3=°**(m, pr) AN} (pr)
| - ypu—
PT

dpr

r)/dNY (pr)

No indication of strong modification of EM
correlator at this high py region

(presumably the virtual photon emission is
dominated by hadronic scattering process

like n+p>m+y* or q+g->q+y*)

Extrapolation to M=0 should give the real

photon emission rate

10°E
E Au+Au 200 GeV Vaccuum
oM ONee HMBT
1075 pdpdM

@ pt=1,025 G

I B B B R B R

/c Drop masg

L v v by vy 10

02 04 06 038

1 12 1.4
mass (GeV)

R=

arXiv:0912.0244

41

(Data-cocktail)x M_,

w

]

:: * T * 1.0<p, <1.5 GeVie

{

LTI R B

i g

e

- 1 .ﬁprTfti.I:] GeVie

]
L

;’E?HH ” + +

_.
i

" e e}’

L= 1
nﬁE._ = o

if



arXiv:0804.4168
arXiv:0912.0244 p+ p

direct y'/inclusive y’

Au+Au

% E_(a) p+p _E; {b) Au+Au (Min. Bias) 1
'-._:--E:* 015 u - O.5pT 1
.E =1.0 ] _
= B P -_ Base line
n=2.0p 1 ] Curves : NLO pQCD
R S5 = 1 calculations with different
T - theoretical scales done by
PR W. Vogelsang.
NLO NLO hadron
(do™° /dp; J/(do° / dp; +da"™"/ dp; )
p+p Au+Au
» Consistent with NLO pQCD * Clear enhancement above NLO
e — Detter agreement with small p pQCD
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1st measurement of Thermal Radiation

exp + T,, scaled pp

—~10* 78
:u E 4 4 AuAu Min. Bias x10* « Direct photon
E 10 - © *  AuAu 0-20% x10 —real (pr>4GeV)
2 102 :g 5w AuAu 20-40% x10 —virtual (1<pT<4GeV.& mee<300I\./IeV)
E " E) e v pe - pQCD consistent with
“ 10 -+ =
._'l% = AN Turbide et al. PRC69 p+p down to p,=1GeVic
“32 ‘1:5 ™ « Au+Au above Ncoll X pt+p
w 15 W TENG ; for p; <2.5 GeV/c
SE NG ™ S + Au+Au = pQCD + exp:
:-:4;10-2 ?;.it to pp 1‘-.-'.‘““..__' ) L L Tave — 221 + 195tat + 198y8t
O 10k
-Né
— '4|=—
210
40 I3
10°E ..
— NLO pQCD (W. Vogelsang) T,
10_?_| I I | | 1 1 1 1 | 1 1 1 | | I I | | 1 1 1 | | ] .I-.I i
1 2 3 4 5 6 7

. p_ (GeVic)
arXiv:0804.4168 T
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arXiv:0912.0244 Comparlson to Hydro mOdeIS

< 10—
- = Thermal Photons in AuAu atyfs,, = 200 GeVf N
g ~ » DATA D-20%
o B :\.‘\ \ ---.D. dEnterria & D. Peressounke: T, = 580 MeV, 1, = 0115 fmlg
CA IS (AN -—-.5. Rasanen et al.: T, = 580 MeV, 1, = 0.17 fm/c .
T — ' i .- D. K. Srivastava: T, =450-600 MeV.t, = 0.2 fmic
g B it —._ 5. Turbide et al.: T, = 370 MeV, 7, = 0.33 fmic
L IR F.M. Liuetal: T, = 370 MeV, 1, = 0.6 fmlc + LO pQCD
Ll 107°E W - o JoAlametal: T, =300 MeV, T = 0.5 fmve
— N "33 W, Vogeisang: Prompty NLO pQCD x T, (0-20%)
Sl S
107 E
3
107 E
4
10 'E
- 3
B =
_5 | E
10°E =
1D-E.|||||||||||||||||||||||1-'||]:'..|'-|||||||
0 1 2 3 4 ) 6 7
P, (GeVic)
From data: T, > 220 MeV > T,
HGS-HIRe . —
wwe | From models: T, =300 to 600 MeV
Wee
7,=0.151t0 0.5 fm/c
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From data: Au+Au = pQCD + exp:
T.e= 221 + 19stat + 19syst

ave
Comparison to hydrodynamical models:

* pt<3 GeV/c thermal contribution
dominates over pQCD.

 Assume formation of a hot QGP with
300 MeV < T,,;; < 600 MeV
0.6 fm/c < 1,<0.15 fm/c

* Models reproduce the data within a
factor of two.

800
- [ D. d’Enterria & D. Peressounko
700— B s Rasanenetal
E A D.K. Srivastava et al.
6001 o ] S. Turbide et al.
C A * F. Liu et al.
300 | b J.Alametal.
400—
- >
300 qr
- T~ from Lattice QCD
200— © Q
100—
= 1 L Lo i 1 1 Lo
% 0.1 0.2 0.3 0.4 05 0.6 ]
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dN/dm,., (c%/GeV) IN PHENIX ACCEPTANCE
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T gl

[ &
| -

min. bias Au+Au \‘Im =200 GeV
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Lecture
Week

LMR ]

Large and broad
enhancement

= S(mg,) No
longer const

/

Towards lower p.

* Consistent with
flat

—->S(m,,) const

* <R>=0.177%0.032
» Consistent with
higher p; values
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Extrapolate the spectrum of direct photons

® For0.8<p;<1.0GeV/c
<R>=10.177+0.032

103§

07k — v inclusive

consistent with higher py — v direct
e Decay photons spectrum

steeper than direct y spectrum
> At lower pr, w0

the expected direct photon fraction
r =direct y/inclusivey = direct y/ (direct + 1w
decay) y<0.17 _

e For0.4<p;<0.6 GeVic
R(m) > 0.17

—->The enhancement in the low p; region is
larger than that expected from internal
conversion of direct photons.
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Dilepton Spectra

p+p Au+Au

1 T 1T T T | T T 11 | T T T T | T T T T | T T T T T T T T | T T [ T T 171 T T T T l!" T T T T
p+p \E = 200 GeV min_ bias AutAuy[S = 200 Ge Acceptan ce-
107 ® m_. < 100 MeV/ic? x 10 ® .. < 100 MeVic? x 10
2 W 100 MeVic® < m,, < 200 MeVic® x 10 W 100 MeVic® < m,, < 200 MeVic™ x 10 corrected
10 W 200 MeVic® < m,, < 300 MeVic® ® 200 MeVic” < mp, < 300 MeVic™

T

W 300 MeVic® = m,, < 500 MeVic” x 107
500 Mevie® =m,, = 750 MeVic™ x 102
B 210 MeVic™ < mee < 990 MeVic® x 107°

W 300 MeVic? < m,, < 500 MeVic® x 107
500 MeVic® < m,, < 750 MeVic® = 107
B 310 MeVic® = m,, = 990 Mevic® x 107

—
=
[4L]

-
=
IS

12) 1127 p,) d’Nidp_dy (c/GeV):

1[]_14|||||||||||||||||||||||| |||||||||||||||||||||.||||

° p + p 0 1 2 3 4 5 1 2 3 4 5
p. (GeVic) p; (GeVic)

— Agreement with cocktail + intérnal conversion of direct photons

« Au+Au
— pt>1GeV/c: small excess -» internal conversion of direct photons
westre . — p<1GeV/c: large excess for 0.3<m <1 GeV

Lecture

wek =] ow temperature component with strong modification of EM correlator?
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Average Temperature of the sources

arXiv:0912.0244

® m;—m,spectrum of Excess = Data — (cocktail+charm)

e Fitt N _ T A mT o Ny o
! — —— R = s exp ———
2rmpdmrpdy 41 CXp Ty + 42 CXp 15 2rmpdmpdy 1 14 DI rect 'Y
%1[]4 - ’\ min. bias Au+Aujs,, = 200 GeV %11}'3 _ min. bias Au+Au\[Trp = 200 GeV
_EQ E }\ * 300 MeVic™ < me < 750 MeVic” ..;Q o & * 300 MeVic® € my. £ 750 MeVic®
o L --— gxpo A o C ---- direct y
,E'- B ——expo B ,E - 3 —-- exponential
é_1 o+ = ‘1\ —expo A +expo B é_1ﬂ4 = h\ — sum = direct + expo
e - ’ o =
= C prd C
[ o b |
E10°E E10°E
[ = E E r
o r o r ‘%
Eé 0® = E-Jﬂ-ag_ . \L
z z f T
107 107 [
10°E 0% \\
o Lo b b b b s | :||||||||||||||||-|||||||||||||T\'f~'-||||
-0. 0 05 1 15 2 25 23 T2 consistent with 05 056 1 15 2 25 3
my - my (GeVic™) T My - My (Ge"u"fc )
T,=92.0 #1145t %8 45vst MeV Y \Tl = 86.5% 1275 "0 54 4555t MEV
T, =258.4 * 37.3stat * 9.65Yst MeV =221 £ 19stat £ 19syst MeV
nesrire y2/NDF= 4.00/9 Z/NDF 16.6/11

Lecture

Week

low mass enhancement has inverse slope of ~100 MeV.
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Theory comparison

e nr annihilation + modified p spectral function
e Broadening
e Mass shifting
e Both

e Insufficientto
explain data

arXiv:0912.0244
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3 T T T T T LI B B e
[ min. bias AusAusJ5 = 200 GeV

dbidm, | fo e IM P HENB ACCEP TENCE

K 0005 GeVic 0.5<p,=1.0 GeVie E
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2 -- hadronic yield (MBT)
2 10 - hadronic yield (DM}
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m,, (GeVic?)

Even when looking
differentially in various p+
bins the theoretical
calculations are
insufficient to explain the
data

HGS-HIRe
Lecture
Week

didm, , fo e IM P HENR ACCEP TANGE

High p; region:
here we isolated a
contribution arising from

* T+pDWHY*

(typically included)

or

*g+g>q+y*

(not included so far)
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Theory comparison Il
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-- hadronic yield
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Low p+ region:

where the enhancement
becomes large and its
shape seems
iIncompatible with
unmodified q+g=2>q+y*
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Theory comparison lli

A — I
= min. Dlas Au+Au = 200 GeV = s min.blas AusAuyfs = 200 GeV = min. bias Au+AunE = 200 GeV
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® Thetheoretical calculations are insufficient to explain the data

e High p+: they are too soft (except for HSD which does not include
partonic contribution)
® Low p+: they are too hard to explain the enhancement

.. (T~100 MeV)
e What is missing ?
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Summary

e EM probes ideal “penetrating probes” of dense partonic matter created at

RHIC

e Double differential measurement of dilepton emission rates can provide

e Temperature of the matter

e Medium modification of EM spectral function
e PHENIX measured dilepton continuum in p+p and Au+Au

p+p
Low Mass Region
» Excellent agreement with cocktail

*LMR |

deduce photon emission in agreement
with pQCD

*LMR I
Excellent agreement with cocktail

HGS-HIRe
Intermediate Mass Region
 Extract charm and bottom cross section

Au+Au
Low Mass Region

* Enhancement above the cocktail 4.7%0.4stat
+1 5syst+(Q gmodel

* LMR'I

deduce photon emission exponential above
pQCD, T>200 MeV

*LMR I

» Centrality dependency: increase faster
than Npa

* pr dependency: enhancement
concentrated at low p, T ~ 100 MeV

Intermediate Mass Region
« Agreement with PYTHIA: coincidence?



Near-Future Measurements at RHIC

® Improve measurementin the LMR
- reduce combinatorial background
- Hadron Blind Detector:
Dalitz rejection via opening angle
e identify e*in field free region
e veto signal e* with partner

e HBD concept
e windowless CF4 Cherenkov detector
e 50 cm radiator length
e Cslreflective photocathode
e triple GEM with pad readout

e HBD time scale
e Proof of principle in 2007
e Successful datataking with p+p 2009
e Ready for Au+Au in 2010

e Improve measurementin the IMR
- disentangle charm and thermal
resrrecONtribution

Lecture
Week

-9 Silicon Vertex Detector
53

lem, ~5kV

=

signal slectron

-

B
partner positron

needed for rejectio

~500V

P

.......

o e
* Cherenkov:.~" "

S

CF4 radiator

~ _ mm oSt

o mesh

Csl

GEM or
Wires
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Future

e dielectron measurements in high energy HI collisions
e go to even higher energy, i.e. maximum temperature - LHC
e go back to lower energy, i.e. maximum baryon density = FAIR

e Stay at RHIC

— HBD (and
silicon vertex
upgrades) for
improved
experiments
at maximum
RHIC energy

— “low energy”
program, i.e.
use RHIC as
a storage ring
instead of an
accelerator

N
o
o

Temperature T [MeV]
3

Nuclei Net Baryon Density

54 Alberica Toia @



EM Probes at LHC

) e s B S B B
10 Flav] Jay=so0 | — Cocktail .
T s . — Drell-Yan
2107 — Open Charni; —
5 QGP
Z 10" —— Thermal - —
=
Z .
= 10
=
B
z sl
NE 10

HGS-HIRe
Lecture
Week

4 Central AutAu Vs=200AGeV

proenral PorPb ys S SATeV -

DILEPTONS Low p+

o 05 1 15£2|;
M IGeVl

High p

T E
e — Cocktail (est.)]

dIN , /dv=3000 ]
e — Charm (est.) ]

QGP E
— Thermal (tot) ]
vl<0.35 3 -
p, =0.2GeV]

1 lljé
M, [GeV]

35

H.Van Hees and R.Rapp

* At higher dN/dy thermal radiation from hadron
gas dominant for m<1GeV

* For m>1GeV relatively stronger QGP radiation:
comparableto DD but energy loss???

PHOTONS

Prompt photons from initial hard processes
— No final state effects at all.

* Fragmentation/vacuum bremsstrahlung
Sensitivity to medium effectsin the final state

Thermal/bulk photons (QGP + hadronic phase)

Photons from jet-medium interactions
Jet-photon conversion, Induced photon bremsstrahlung
Cross sections forward/backward peaked

— Yields approximately proportional to the jet distributions -
Sensitivity to early time jet distributions

— Longer path lads to increased production - Negative v2

55
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Projections for RHIC: high energy

® impact of

the HBD &

modified
B field at

top energy

® recorded
collisions
o 10°
o 1020

HGS-HIRe
Lecture
Week

/GeV]

dN/dm__dy [c

minimum bias Au+Au @ s = 200 GeV
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Projections for RHIC: low enerqgy

e collision rates
decrease with
decreasing beam
energy

e 2weeksruntime
gives ~50M events

HBD ‘eliminates’
SYyS. uncertainty

electron cooling in
RHIC can increase
the collision rate by
a factor 10

- ~500M events

In 2 weeks

->very promising!!!

HGS-HIRe
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